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Introduction
Unequal distribution of mental health status among different socioeconomic groups constitutes a serious challenge in achieving equitable mental health care [1, 2] . The challenge arises not only because the justification for unfair distribution is debatable but also the identification of the root causes of the unfair distribution is difficult to ascertain [3] . Indeed, the Grand Challenges in Global Mental Health initiative (a consortium of researchers, advocates and clinicians) has set the identification of root causes, risk and protective factors as a top priority for research in the area over the coming decade [4] . Some recent advances include identification of socioeconomic mental health inequalities in adults [5] and in children and adolescents [6] . This research is ongoing and since socioeconomic differences in mental health status evolve over a life course, a multidimensional perspective is needed to understand the causal pathway(s) [7] .
One particular dimension that needs attention in mental health inequalities from a life course perspective is life shocks. Life shocks are adverse events that people experience during their life [8, 9] . Depending on the circumstances, some of these events may have severe psychological impacts on the individuals involved. This study investigates two kinds of life shocks: negative life events and financial hardship. Previous studies have shown a strong association between financial hardship and adverse mental health [10] [11] [12] and negative life events and adverse mental health [13] [14] [15] . Even though these studies have found an association between life shocks and mental health, the distributional impact of exposure to life shocks on socioeconomic mental health inequality is poorly understood. Little attention has been paid to the impact of life shocks (negative life events and/or financial hardship) on the socioeconomic gradient of mental health. Understanding these short-run shocks is crucial to designing efficient policies for social support, such as cash transfers and developing effective social programs including psychological support.
A concentration index measures the degree of socioeconomic inequality in a health variable. Figure 1 shows the time trend of a concentration index constructed from both mental health inventory 5 (MHI-5) and mental component score (MCS) in Australia between 2012 and 2017. It shows that socioeconomic mental health inequality is increasing overtime. This socioeconomic disparity on mental health, raises questions on the factors that contribute to this inequality. In addition, life shock exposure by socioeconomic status also shows that lower socio economic groups have significantly higher exposure to life shocks than higher socioeconomic groups. (see Figure A1 and A2 of Appendix A in online supplemental data). Thus, the objective of this study is to assess the impact of life shocks on socioeconomic inequality in the mental health status of Australian adults in a longitudinal framework. To this end, the study seeks to address three specific research questions. i) Is the impact of life shocks on mental health status significant for Australian adults? ii) If so, to what extent do these life shocks contribute to the inequality in mental health status between rich and poor individuals?; and iii) What are the temporal impacts of the effects of life shocks on income related mental health inequality? In Australia, one in five people experience some form of mental illness annually. Given such circumstances, the motivation for this study is to explain such research questions in an Australian setting to assist those experiencing mental health issues. Understanding the contribution of life shock exposure to mental health inequality will help develop mitigating strategies for individuals who are vulnerable to such exposure and hopefully lead to more equitable health policies and practices. All members of the household are enumerated in the data collection procedure. However, individual and household level data are collected using both face-to-face interviews and self-completion questionnaires for those aged 15 years or older. HILDA data from wave 12 to wave 17 (2012-2017) were analysed in this study. The study included the new top-up samples that were introduced in wave 11. To compare waves, the study constructed a balanced panel of 13,496 individuals. A missing observation analysis was conducted for item non-response and the analysis found that on average 9% of responses were missing for the life shocks and mental health score variables (see Table 10 of Appendix A in online supplemental data for missing analysis). The missing responses were imputed though the last observation carry forward method to produce conservative estimates. The sociodemographic and SES variables did not have a nonresponse problem. To account for sample attrition and panel characteristics, the longitudinal weights for wave 12 to wave 17 in HILDA data were used to adjust all calculations. The estimated population size after longitudinal weight adjustment was 16,699,284. Detailed information on survey design and sample weights can be found elsewhere [16] .
Measures
In the health inequality literature, models are constructed according to their research objectives and use policyrelevant social determinants of health measures along with the SES and demographic variables [5, 17] . For this study's purpose, the following measures were used:
Mental health
This study used the Mental Health Inventory (MHI-5) of the Short Form 36 instrument (SF-36), a widely validated and reliable mental health measure [18, 19] . This instrument has been used in a large body of medical literature [20] [21] [22] and health economics literature [23, 24] . The scale is constructed from five items (nervous, down in dumps, peaceful, sad and happy) and its value ranges from 0-100. Higher scores imply higher levels of mental health. The MHI-5 measure also has clinical significance. A cut-off point of 76 MHI-5 score can be used to define a case of common mental disorder [25] . The study also constructed the Mental Component Score (MCS) using HILDA SF-36 questionnaire responses for sensitivity analyses (see Appendix A in online supplemental data for the sensitivity results).
Life shocks (Negative life event and financial hardship)
A negative life event is defined as direct exposure to a traumatic event as experienced by an individual, for example, separation from spouse, serious personal injury or being detained in jail [26] . Financial hardship occurs when individuals experience adverse economic shocks or circumstances. For example, went without meals or being unable to heat home [27] . This study uses nineteen life shocks (seven financial hardship and twelve negative life event items) to account for the effect of life shocks on socio-economic inequalities in mental health. The list of life shock items and their descriptive statistics are provided in Table 1 . A frailty index (FI) is used to measure the intensity of negative life events and financial hardship. FI is widely used in the health and aging literature to measure accumulation of deficits in health from aging [28] . It is expected that individuals with lower SES will accumulate considerable more adverse outcomes over their life time and the FI is thus a simple measure that can capture these adverse effects. The formula for measuring the frailty index is [29] : 
The range of this index is between 0 and 1. Higher values indicate that the respondent has accumulated a greater number of life shocks.
Income
Equivalised household disposable income was used to measure SES and construct the income component of the CI (Concentration Index). The study used a 'modified OECD' equivalence scale to measure disposable household income. The formula for equivalised household income is given by [30] :
Equivalised income = Household Disposable income
(1 x first adult+.5 x additional adult+.3 x additional child)
(2)
Other control variables
Education and labour force status along with equivalised income quartiles were used to control for other characteristics of SES in the analysis. Demographic characteristics like age and gender were also controlled for in the analysis. Since previous studies have found a link between mental health and club/sporting activities, the study also controlled for that factor [31] . Respondents in the HILDA survey were asked as to whether they were:
"currently an active member of a sporting/hobby/community based club or association?" and the study used it as a dummy variable to indicate club participation. The study also controlled for long term health conditions. Previous studies have found strong relationships between mental health and long term health conditions [32] .
Statistical analysis
The study first analysed the relationship of life shock exposure (mean scores of financial hardship index and negative life events) and income. The analyses found that the lower quartile income group has significantly higher life shock exposure than the higher quartile income groups (see Figures A1 and A2 of Appendix A in online supplemental data). Using the concentration index to measure socioeconomic health inequality, the study also found that socioeconomic mental health inequality was increasing in the study period as portrayed in Figure 1 and thereby the study research questions were formulated. Descriptive statistics in Table 1 show the population characteristics of the variables. To account for survey design and survey weights, the SVY command of STATA 15.0 software is used for all calculations [33] . The CONINDEX command is used to calculate concentration indices [34] .
Concentration index and cross-sectional decomposition
The concentration index (CI) is a rank dependent inequality index that measures socioeconomic inequality in health [35] .The value of the CI is bounded by -1 and 1, and is defined as follows [36, 37] :
Where, a population of individuals with health levels ℎ is ranked by income or by some other SES, ordered from poorest to richest given fractional rank = Wagstaff et al. [38] in their seminal paper showed that if health is a linear function of factors (e.g., demographic, lifestyle and SES) then the CI is a weighted sum of the socio-economic inequalities in these factors . Thus, the CI can be decomposed given the following regression model:
Where, and , = 1 … are coefficients to be estimated, and is the error term with [ ] = 0. Substituting (5) into (4) and with some algebra, Wagstaff et al. [38] showed the following:
Where, = ̅ ℎ ̅ measures the average elasticities or the magnitude of the effect of factors and is the concentration index of factor . The first term of each factor indicates the contribution to socioeconomic inequality by . Thus, ∑ is the total contribution of socio-economic inequality explained by the model.
The residual term, , is the error term measuring unexplained socioeconomic inequality.
The following steps are taken to decompose the concentration index:
Step 1: An OLS regression of mental health score (MHI-5) on life shocks (financial hardship and negative life events), age categories and gender dummies, income quartiles, education, labour force status, club/sporting activities and long term health conditions for each wave was first run (using the svy command). The regression results are shown in Table 2 .
Step 2: Using the svy and mean command the study also calculated mean values of all variables.
Step 3: Using the mean values and beta coefficients from the OLS regression, elasticities were calculated for all independent variables.
Step 4: Concentration indices of all independent variables were calculated using the conindex and svy command.
Step 5: Following equation 4, elasticities and concentration indices of each independent variables were then multiplied to get the relevant contribution of the variable.
Step 6: All previous steps were repeated to get a pooled estimates using the panel data. Pooled estimate reflects the average contribution of factors for all waves.
Step 7: All previous steps were repeated to conduct sensitivity analysis using mental component score (MCS) as the dependent variable instead of MHI-5 (see Appendix A in online supplemental data for the sensitivity results).
Decomposing changes in CI
From Figure 1 it is clear that socioeconomic mental health inequality is rising in Australia over the study period.
Thus the third objective of this study was formulated where the research objective is to investigate the temporal impacts of life shocks on mental health inequality using the Oaxaca [39] and Blinder [40] type decomposition approach. Wagstaff et al. [38] first used the Oaxaca-Blinder type decomposition in the health economics literature to analyse the factors that change health inequality. Using equation (6) and applying the Oaxaca-Blinder method, the following equation for time period and − 1 results:
The first and second terms in equation [7] show that the extent of changes in the CI are due to changes in inequality in the determinants of health and changes in their elasticities, respectively. The third term is the residual or unexplained component.
The following steps were taken to analyse the decomposition in the changes in the concentration index of mental health.
Step 1: Using the methods described in the previous section, estimate all elasticities and concentration indices of all factors.
Step 2: Subtract previous period elasticities from current elasticities for all factors. Similarly subtract previous period concentration indices from current period concentration indices for all factors.
Step 3: For each factor multiply wave wise change in concentration indices with current period elasticities (ΔCη) and multiply wave wise change in elasticities with current period concentration indices (ΔηC) as in equation 7.
Step 4: Adding ΔCη and ΔηC for each factor will result in the total contribution to changes in that factor. The compiled results of all these factors are provided in Table 4 (see Appendix A in online supplemental data).
Step 5: Similar analyses were done using MCS score as a dependent variable for sensitivity analysis (see Appendix A in online supplemental data for the sensitivity results). Australian is now greater. The mean value of financial hardship index and negative life event index are 0.063 and 0.053 respectively for wave 12. These values were reduced to 0.059 and 0.046 respectively in wave 17. This implies the Australian population as a whole experienced a lower number of life shocks in wave 17 than wave 12. engaging middle aged working man in the richest income quartile with no long term health conditions. Thus, exposure to just one life shock will result in a greater risk of lowering an individuals' mental health score below the cut-off score of 76, which in turn increases the risk of developing a common mental disorder. In summary, life shocks significantly affect mental health and the impact differs by socio-economic status. Table 3 presents the estimates of the factor decomposition of socio-economic mental health inequality. The first row of each variable measures the average elasticity indicating the impact of that determinant on mental health outcomes. The second row measures the CI or income related factor's inequality. The third row is a multiplicative term of the first and second rows which measures the factor 'contribution' to mental health. The sum of all factor contributions in a wave constitutes the explained part of the total contribution of CI in mental health of that wave.
Results

Descriptive statistics
Regression results
Factor decomposition of mental health inequality
For a health variable that represents better health with higher values (mental health score variable in this case), a positive (negative) contribution of a factor suggests that good mental health is concentrated among the rich (poor)
by that factor and inequality is increasing leading to a pro-rich (pro-poor) distribution by that factor [41] . 
Figure 2: Contribution of major factors to socioeconomic mental health inequality by wave
Over the study period, the socio-economic inequality of mental health ranged from 0.015 to 0.019 (last row in Table 3 ). Figure 2 shows the major factors' contribution by wave. Figure 2 reveals that life shocks contributes significantly to socioeconomic mental health inequality. The life shock contribution to mental health inequality ranges from 0.005 to 0.006 across waves. The contributions can be expressed as a percentage term by taking the percentage of a contribution to the actual concentration index. Life shock contributes to a pro-rich distribution and contribution to mental health inequality ranges from as low as 24.7% in wave 17 to as high as 40.5% in wave 14. From Table 3 it can be seen that financial hardship is the major driver of life shocks. It contributes to mental health inequality by 21% to 35% across waves. Negative life events contribute 2% to 5% of mental health inequality across waves. The demographic variables (age and gender) contribute to a pro-poor distribution because of the aging or retirement effect. Age reduces inequality by 23.6% to 32.5% across waves. However, SES variables (e.g. income, education and labour force status) explain approximately 69.6% of the pro-rich contribution to mental health inequality in wave 17. The lowest SES contribution is 43% in wave 14. Figure 2 shows broad category factors' contribution (see Appendix A in online supplemental data for broad category factors' percentage contribution).
The study also found that inequality is generated from both negative values of elasticities and concentration indices of factors from life shocks, being female, long term health conditions and labour force status for all waves.
On the contrary, inequality is generated from both positive values of elasticities and concentration indices of factors from higher quartile income (Q3 and Q4), working aged population (aged 25-44 and 45-64 years) and club/community activities in all waves.
This study conducted sensitivity analyses using the mental component score (MCS) as the dependent variable.
The clinical threshold score for MCS is lower than MHI-5. Thus, socioeconomic inequality is lower when the MCS is used. However, the trends and pattern of inequality are similar as can be seen in Figure 1 (see Appendix A in online supplemental data for the sensitivity results). The results of the sensitivity analyses are provided in the online appendix Table 6 . The results are similar and the basic conclusion remains the same. Thus, mental health inequality arising from shocks are a major driver of socioeconomic mental health inequality in the Australian context.
Factor trajectories of changes in mental health inequalities
This study also investigated the factor trajectories of changes in mental health inequalities using the Oaxaca-Blinder decomposition approach (see Table 4 of Appendix A in online supplemental data for the study results).
This table explains how the inequality of mental health has changed overtime. The first and second row of each variable explains the contribution to changes in mental health inequality due to changes in factor inequality and changes in factor elasticity, respectively.
The results suggest that, in the study period, the highest quartile income group is still the major driver of socioeconomic mental health inequality. This group increased mental health inequality 0.003 and 0.004 in wave 12-13 and wave 15-16 respectively. "Not in the labour force" variable is another major driver that increased inequality by 0.003 in wave 16-17. Other variables that increased socioeconomic mental health inequality by at least 0.001 in at least one wave are: Q2 and Q3 income quartiles, bachelor or honours degree holders, long term health condition, financial hardship index, being unemployed and being 45-64 years of age. All these variables also had at least one wave where inequality reduced by at least 0.001 (except for the unemployed group). The older age group (65-84 and 85+ years) showed reductions in mental health inequality in most waves. The results were also very similar when the MCS score was compared instead of MHI-5 in the sensitivity analysis (see Table   7 of Appendix A in online supplemental data for the sensitivity results). 
Discussion
In this study, the shocks of negative life events and financial hardship on mental health disparities among different Although past studies have tackled socio-economic health inequality in a cross-sectional setting [5, 42] or in a longitudinal setting [43] no previous studies have quantitatively measured such shocks in the health inequality field.
The impact of SES and demographic variables in Australia are similar to what other country studies have found [5, 44, 45] . This study supports the argument of Kolodziej and García-Gómez [46] that retirement has a protective effect on mental health. This study also showed that 65+ year groups have lower socioeconomic mental health inequality. The findings also showed the expected result that higher income groups have higher mental health status [47] . The results also found a negative relationship between unemployment and mental health status which is well documented in the literature [44, 48, 49] .
The major contribution of this study is to assess mental health inequality using a life course perspective where both life shocks and SES are considered. The results indicate that life shocks contribute significantly to socioeconomic mental health inequality. The negative concentration indices of life shock variables in Table 3 
the CI values in the second row of the life shock variables) indicate that the poor are exposed to more life shocks than the rich. In addition, the negative elasticity of the life shock variables (the first row in the life shock variables in Table 3 ) show that increasing life shock exposure will reduce mental health and will contribute to mental health inequality. The above mentioned effects are also similar to the effect of labour force status, being female and long term health conditions variables. On the contrary, higher income quartile group, club/community activities and working age population variables are different in nature when generating inequalities. Both concentration indices and elasticities are positive for these variables, implying richer people have better resources, do more club/community activities and working aged people have higher incomes and having more of these characteristics implies better mental health (which also reflected by the positive elasticity value). Because the effects of all these variables on mental health is different for lower and higher socioeconomic groups, socioeconomic mental health inequality is increasing overtime in Australia.
Overall, the findings suggest that lower SES groups, particularly young individuals who are not employed or in the labour force and are not active in club/community activities or are disadvantaged with disabilities/long term health conditions are at risk of much lower mental health from life shocks. In particular, the effects of financial hardship shocks are found to be more pronounced in this study. Government welfare support, for example, through cash transfers, can be provided for such individuals. A regression analysis of individual shocks (see Table 8 of Appendix A in online supplemental data for the regression results) found that individuals who went without meals or were unable to heat homes or asked for financial help from family and community organisations had significantly lower mental health scores. The study also found that serious personal injury, being separated from a spouse or the death of a spouse or child results in significantly lower mental health scores. Government policy could be designed such that these individuals can get adequate psychological supports especially focusing on lower SES groups.
One of the limitations of this study is that approximately nine percent of the life shock variables were missing and were imputed using the last observation carry forward method. Since, life shocks have a low probability of occurrence, this method might underestimate the true impact of life shocks in the mental health distribution. In addition, because of the group based analysis and methodological constraints, individual heterogeneity is not accounted for in the analysis. The study also did not investigate health selection reverse causality, i.e. the impact of mental health leading to lower socioeconomic status. These issues are precisely the future research avenues this study suggest are worthy of consideration.
Conclusions
The present study adds life shocks into the analysis of the socioeconomic inequality of mental health. The study has demonstrated that the impact of life shocks on mental health status is significant for Australian adults. This study also has demonstrated that the impact of life shocks on lower SES groups creates disadvantageous mental health outcomes when compared to higher SES groups. This generates significant mental health disparities at a population level. In Australia, for example, during the study period, the study found that life shocks (financial hardship and negative life events) contributes to 24.7% to 40.5% of pro-rich socioeconomic mental health inequality. Individuals in lower socioeconomic groups are more vulnerable to life shocks than the higher socioeconomic groups and this itself is generating mental health inequality.
The study also investigated the temporal impacts of the effects of life shocks. The study found that life shocks periodically increase socioeconomic mental health inequality, although the distributional effect of these shocks is reduced in other periods. Income and employment status were still the major driver for the change in socioeconomic health inequality. The socioeconomic inequality due to the contribution of life shocks can be addressed through targeted welfare programs such as financial assistance, employment generation schemes and psychological support programs. Short term welfare targeting for groups of poor individuals who encounter such life shocks will have their mental health status improved and will reduce the burden on existing healthcare delivery system in welfare states like Australia. The current contribution explains these phenomena. To measure the progress of such programs, mental health inequality can be monitored and compared with other similar countries.
Thus, lessons learned from this study can contribute to the understanding of the impact of shocks in socioeconomic inequality in mental health in other developed countries. Further research is needed to design specific interventions to address shock related mental health disparities. In conclusion, life shocks significantly contribute to mental health disparities and should be accounted for in designing policies and intervention strategies. 
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